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DETAILED ACTION 
Continued Examination Under 37 CFR 1.114 

A request for continued examination under 37 CFR 1.114, including the fee set 
forth in 37 CFR 1.17(e), was filed in this application after final rejection. Since this 
application is eligible for continued examination under 37 CFR 1.114, and the fee set 
forth in 37 CFR 1.17(e) has been timely paid, the finality of the previous Office action 
has been withdrawn pursuant to 37 CFR 1.114. Applicant's submission filed on 4-11-06 
has been entered. 

Claim Rejections - 35 USC § 103 

The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 102 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 

This application currently names joint inventors. In considering patentability of 
the claims under 35 U.S.C. 103(a), the examiner presumes that the subject matter of 
the various claims was commonly owned at the time any inventions covered therein 
were made absent any evidence to the contrary. Applicant is advised of the obligation 
under 37 CFR 1 .56 to point out the inventor and invention dates of each claim that was 
not commonly owned at the time a later invention was made in order for the examiner to 
consider the applicability of 35 U.S.C. 103(c) and potential 35 U.S.C. 102(e), (f) or (g) 
prior art under 35 U.S.C. 103(a). 
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Claims 1-3, 5 and 6 are rejected under 35 U.S.C. 103(a) as being unpatentable 
over Gopalraja et al. (U.S. Pat. 6,193,855) in view of Shimamura et al. (U.S. Pat. 
4,963,239). 

For claim 1, Applicant requires a bias sputtering film forming process for forming 
a thin film by applying both voltages of a cathode voltage and a substrate bias voltage, 
wherein a thin film is formed on a substrate whereon an irregularity is formed in the 
state wherein only the cathode voltage out of said both voltages applied, and sputtering 
film forming is performed while continuously varying said substrate bias voltage so that 
the thickness of said thin film formed on the surfaces on the sidewalls and on the 
bottoms of said irregularity is substantially uniform, wherein said substrate bias voltage 
corresponds to a stored value in a database stored in a control system. 

For claim 3, Applicant requires the sputtering particles to be substantially 
vertically entering the substrate. 

For claim 5, Applicant requires a bias sputtering film forming apparatus 
comprising an AC power source of a DC power source of variable output against 
substrate electrodes and a control system wherein the control system makes the 
cathode voltage set to a predetermined voltage previously, stores the substrate bias 
voltage value when the substrate is apart from the target by a predetermined distance 
and the thickness distribution of thin films on each of said surfaces corresponding to 
said substrate bias voltage value as reference data, and controls the output of said 
power source such that it is continuously varied based on bias voltage functions 
produced by selecting the substrate bias voltage value from the database, that makes 
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said film thickness substantially uniform from said reference data when each of said 
surfaces is formed. 

For claim 2, Applicant requires the cathode voltage to be varied while varying the 
substrate bias voltage. 

For claim 6, Applicant requires the apparatus further comprises a power source 
of variable output against said cathode, wherein said control system also varies the 
cathode voltage by controlling the output of said cathode power source, said bias 
sputtering film forming performed by controlling the output of said substrate power 
source based on said bias voltage functions. 

Gopalraja discloses a sputtering process whereby a DC bias is supplied to the 
target and a DC bias is supplied to the substrate (col. 5, 1. 2-6). The sputtering involves 
filling a substrate via (Figures 1 and 2). There are two phases to the sputtering. In the 
first phase, bias is supplied to the target and no bias is supplied to the substrate (col. 7, 
I. 34-42). In the second phase, the target bias is terminated (col. 8, 1. 24-26) and a 
variable bias is applied to the substrate (Figure 6). In the first phase, more material is 
deposited on the sidewalls than on the bottom of the via (col. 7, 1. 44-48) and thus, an 
irregularity is present. As can be seen From Figures 5 and 6, the bias to the substrate 
and target are varied. During the second phase, the sputtered particles are 
substantially vertical (col. 8, 1. 26-44). The substrate bias and target bias are controlled 
by a controller (Figure 3). Gopalraja discloses the power source to be variable to the 
target and substrate (Figures 5 and 6) and to be controlled by a controller (Figure 3). 
As can be seen in Figure 6, the system continuously cycles through the different 
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phases. Thus, the substrate is continuously varied because the phases are 
continuously cycled. 

The difference between the present claims is that the substrate bias voltage 
corresponding to a stored value in a database stored in a control system is not 
discussed. 

Shimamura et al. teach that a bias applied to a substrate can utilize a computer 
for controlling the biasing conditions. The computer stores substrate bias voltages in 
data files. The data files are used selectively during the film forming process. (Column 
10 lines 40-47) A method of applying a bias voltage to the substrate by using a radio 
frequency power is shown in Fig. 6. In Fig. 6 the first power applied to the substrate 
102 is 200 W for a large voltage amplitude 601 , and the second power applied to the 
substrate 102 is 10 W for a small voltage amplitude 602. The positive and negative 
voltage amplitudes of the first and second voltages with respect to zero volts are equal 
to each other. (Column 1 1 lines 47-60) During the film forming process, the biasing 
condition can be stabilized by detecting the substrate bias voltage and controlling the 
output of the radio frequency power supply 120 through a feedback circuit 151 to vary 
the level of the voltage waveform shown in Fig. 10 so that the substrate bias voltage will 
meet the data included in the file. (Column 12 lines 42-48) The object is to control the 
substrate bias so that the film has a uniform film thickness distribution. (Column 5 lines 
40-48) 

The motivation for utilizing a database for controlling the bias voltage is that it 
allows for forming a film with uniform thickness distribution. (Column 5 lines 40-48) 
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Therefore, it would have been obvious to one of ordinary skill in the art at the 
time the invention was made to have modified Gopalraja et al. by utilizing a database to 

i 

control the bias voltage as taught by Shimamura et al. because it allows for forming a 
film with uniform thickness distribution. 

Claim 4 is rejected under 35 U.S.C. 103(a) as being unpatentable over Gopalraja 
et al. in view of Shimamura et al. as applied to claims 1-3, 5 and 6 above, and further in 
view of Yamamoto (US 2002/0173144 A1). 

For claim 4, Applicant requires the thin film to be used as a barrier layer or a 
seed layer for electrolytic plating. 

Gopalraja is described above, but does not disclose what the deposited layer 
would be for. The disclosure is merely a teaching of how to adequately deposit a layer 
in a via of a substrate. 

Yamamoto discloses that to when making a semiconductor integrated circuit, it is 
conventional to fill the recessed portion of the trench or via with a metal film such as 
copper by electrolytic plating after a copper seed layer is deposited by sputtering [0007]. 
When depositing the seed layer, it is conventionally to use a substrate bias to improve 
the substrate coverage [0012]. 

It would have been obvious to one of ordinary skill in the art at the time the 
invention was made to modify the invention of Gopalraja to deposit the layer in a via as 
a seed layer of copper and then fill it electrolytically because of the desire to form a 
semiconductor device. 
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Response to Arguments 

Applicant's arguments filed 4-1 1-06 have been fully considered but they are not 
persuasive. 

In response to the argument that the prior art does not teach the substrate bias 
voltage corresponding to a stored value in a database stored in a control system, it is 
argued that Shimamura et al. newly cited teach a computer with data files (i.e. a 
database) that provides a stored value that will correspond to the applied substrate bias 
voltage. The stored bias value sends a signal to a controller to apply the corresponding 
bias voltage to the substrate. (See Shimamura et al. discussed above) 

This action will be made NON-Final based on the newly cited reference to 
Shimamura et al. 

Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Rodney G. McDonald whose telephone number is 571- 
272-1340. The examiner can normally be reached on M- Th with Every other Friday off. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Nam X. Nguyen can be reached on 571-272-1342. The fax phone number 
for the organization where this application or proceeding is assigned is 571-273-8300. 
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Information regarding the status of an application may be obtained from the 
Patent Application Information Retrieval (PAIR) system. Status information for 
published applications may be obtained from either Private PAIR or Public PAIR. 
Status information for unpublished applications is available through Private PAIR only. 
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 
you have questions on access to the Private PAIR system, contact the Electronic 
Business Center (EBC) at 866-217-9197 (toll-free). . /y 
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